A dysfunctional distal radioulnar joint (DRUJ) can significantly compromise an individual's forearm rotation, grip, and weight bearing at the hand and wrist. This retrospective study reports surgeon and therapist collected objective wrist function and subjective pain scores of 10 patients who received the Scheker total DRUJ prosthesis. A review of these patients' medical records was performed to collect preoperative measurements of wrist range of motion, grip strength and pain scores (0-10 scale). The degree of pronation, supination, flexion, extension, radial deviation and ulnar deviation were the outcome measures used to evaluate wrist range of motion. Postoperative measurements were collected at a follow up of 5±1.1years in our clinic (minimum follow-up of 2yrs). Mean final wrist flexion and extension were 32.1±22.8° and 44.8±13.9 °, respectively. Mean final supination and pronation were 72.5±14.4° and 69.5±14.6°, respectively. Average grip strength was 54.9±23.7 lbs. The mean pain score was 3.6±3.1.
INTRODUCTION

DRUJ Anatomy and Function
Recognition and proper treatment of distal radioulnar joint (DRUJ) pathology requires an understanding of DRUJ anatomy and function. The DRUJ is comprised of sigmoid notch of the distal radius, the ulnar head, and soft-tissue stabilizers. All components are critical for forearm rotation and weight bearing.
Forearm rotation among individuals ranges from 150-180 degrees with an additional rotation of up to 30 degrees available through the radiocarpal joint. The rotational axis passes near the cross sectional centers of the ulnar head distally and the radial head proximally. That rotational axis is more dorsal during pronation and ventral during supination at the DRUJ. Pronation and supination result from a sliding/translational motion in the anteroposterior plane and rotational motion in the transverse plane. This is due to the fact that the sigmoid notch is shallow with a greater radius of curvature than the ulnar head. The radius of the sigmoid notch is 50-100%
greater than the radius of ulnar head.
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The difference in radii of curvature of the sigmoid notch and ulnar head accounts for the lack of DRUJ stability derived directly from the articulation of both surfaces. This articulation is only responsible for 20% of DRUJ stability. When the DRUJ is in neutral, articular contact, in terms of surface area, approaches a maximum of 60%. In full pronation or supination, the surface area in contact is less than 10%. Due to this inherent lack of stability from this articulation, soft tissue stabilizers are immensely critical. They are responsible for 80% of DRUJ stability. They also have a rich vascular supply that is important in the healing process. The ulnocarpal ligaments, the other third of the TFCC, is comprised of the ulnolunate and ulnotriquetal ligaments. These ligaments originate from the base of the styloid and distally move to attach to the lunate and triquetrum volarly. These attachments allows these ligaments to resist dorsal displacement of distal ulna as it relates to the carpus.
The TFCC, as a whole, functions to provide a strong and flexible radio-ulnar connection that allows pronation and supination. It cushions the axial force transmitted across the ulnocarpal joint. It supports the ulnarcarpus through its connections to the radius and ulna. It also extends the articular surface of the distal radius to cover the ulnar head which provides a continuous gliding surface that facilitates carpal movement.
The dynamic stabilizers are the extensor carpi ulnaris muscle (ECU) and the pronator quadratus muscle. The ECU originates from the lateral epicondyle of the humerus and posterior border of the ulna and then crosses the dorsal ulnar head through an osseous groove to attach to the base of the base of the 5 th metacarpal. The infratendinous extensor retinaculum holds the ECU in place distally. The ECU resists dorsal ulna dislocation during full pronation and palmar ulna displacement during full supination. The pronator quadratus, which attaches distally to the radius and ulna functions, coapts the ulnar head to the sigmoid notch during pronation. It can also act as a static stabilizer during supination. This is accomplished by passive coaptation of the ulnar head in the sigmoid notch through its viscoelastic constraints. These dynamic stabilizers along with static stabilizers cumulatively strengthen the weak distal radio-ulnar articulation. of the ulnar head. The sigmoid notch tends to be spared in the early stages. In the advanced stages, the articular surfaces of the DRUJ are so diffusely affected that surgical treatments aim to eliminate the radioulnar articulation. DRUJ osteoarthritis from normal wear and tear is uncommon. Post-traumatic DRUJ arthritis is more common especially after a distal radius malunion. Over 85% of secondary DRUJ arthritis is due to the posttraumatic malunion of the distal radius. Malalignment of the joint surfaces and direct incongruency of the sigmoid notch are the sequelae of a distal radius malunion that disturb joint mechanics and alter load distribution, which leads to DRUJ degeneration. 1, 3 Rheumatoid arthritis is the most common arthritic condition affecting the DRUJ.
Cartilage degradation, synovial expansion with erosion and ligamentous laxity are the pathologic processes involved in the rheumatoid wrist. Synovial infiltration of the prestyloid recess of the distal ulna occurs due to the increased vascular supply in this area. This infiltration leads to styloid erosion and disruption of its ligament attachments.
The palmar side of the distal radius, waist of the scaphoid and triquetrum are also eroded.
Synovitis also affects many of the extrinsic and intrinsic wrist ligaments such as the 
DRUJ Arthroplasty
Degenerative DRUJ disease and/or chronic DRUJ instability that are symptomatic and recalcitrant to medical management necessitates surgical intervention regardless of etiology. 7, 8 Traditionally, partial and complete resections of the distal ulna were used treat a painful and dysfunctional DRUJ. Impingement of the ulnar remnant on the radius was a painful complication of these resections especially in active patients. 2, 10, 11 Ulnar head implants were also developed to replace the resected ulna. They have improved range of motion, grip strength and reduced pain. However, these hemiarthroplasties require an intact radial sigmoid notch as well as a stable DRUJ or a reconstructable triangular fibrocartilage. [12] [13] [14] [15] Total DRUJ arthroplasties were invented to address these stability concerns of hemiarthroplasties.
Although resection arthroplasty is one of the oldest surgical treatment modalities, in all patients except two that had recurrent instability. Revision of the implant for these 2 patients was successful. 17 The metallic implant has sites for reattachment of the major soft-tissue stabilizers including the ulnocarpal ligaments, TFCC and ECU sheath. This improves DRUJ stability. It was studied in 17 patients with multiple previous operations for radioulnar convergence, impingement or arthritis. Grip strength increased by 16%, pain scores scores were halved while forearm rotation was unchanged. There were two failures within a 1.5 years. 18, 19 Although failure is a concern, total ulnar head replacement can be efficacious when successfully implanted. They are indicated for arthritic DRUJs, isolated instability, radioulnar impingement or painful instability after failed partial or complete distal ulnar resection. By replacing the entire ulnar head, some of the soft-tissue stabilizers are disturbed ensuring that DRUJ biomechanics are more altered than with partial ulnar head implants. The remaining soft-tissue stabilizers are critical since these ulnar head implants do not have an intrinsic DRUJ stabilizing mechanism. Therefore, implants with attachment sites for soft tissues such as the TFCC are quite valuable. However care
should be taken to avoid overzealous soft tissue attachment to the implant since that can lead to joint subluxation as well as stiffness. The only inclusion criterion for this study was having the Scheker total distal radioulnar joint prosthesis for greater than 2 years. Exclusion criteria included removal of the implant postoperatively, concurrent implantation of another prosthesis in the wrist with the Scheker implant and incomplete preoperative data sets. One patient was excluded for removal of the prosthesis shortly after implantation due to infection.
Another patient was excluded for concurrent implantation of the Scheker prosthesis and the UNI 2 total wrist implant (Integra, Plainsboro, New Jersey). The total wrist implant was considered a confounder in assessing the efficacy of the Scheker implant. 8 patients with less than 2 years of follow up and/or incomplete data sets were excluded. After these exclusion criteria, there were a total of 10 patients for this study.
The author of this thesis sent an introductory letter briefly explaining the purpose of the study. After a period of time, these potential study subjects were contacted by phone to fully explain the purpose, detail the clinical situation, formally invite them to participate in the study, and answer any questions the subject may have regarding the study. Consent was documented with signed assents/consent forms by subjects. This recruitment procedure was approved by Yale's IRB.
All 10 patients were brought into clinic for final follow up. The author of this thesis performed these clinical evaluations with supervisory assistance from Dr. Seth Dodds. The degree of pronation, supination, flexion, extension, radial deviation and ulnar deviation were measured. 23 A goniometer was used for these measurements. Grip strength was measured using these with a dynamometer. A student's independent, 2-tailed T-test for unequal variance was performed to compare preoperative to postoperative outcome measures. A p value < 0.05 denotes statistical significance.
RESULTS
Our cohort of 10 patients with mean age was diverse in terms of DRUJ pathology and demographics. 7 patients had post traumatic DRUJ arthritis and/or instability, On a scale from 0 to 10, with 10 being completely satisfied, patients reported an average satisfaction score of 9.8 out of 10 with their prostheses (n= 26, SD= 0.49). 24 Zimmerman et al. used a novel ten-item questionnaire that they developed to assess subjective outcomes for their study population. One of the 6 pts was lost to followup and therefore was unable to take the questionnaire. At their final follow-up, patients reported generally mild to moderate disability. When asked about their ability to lift everyday objects, two patients felt very limited, one patient reported not being limited while another felt mildly limited. With regard to wrist stability, three denied any instability, one patient reported a somewhat unstable wrist and one reported mild instability. In terms of pain, 4 patients reported their pain to be "much better", while the others reported unchanged pain. This study is limited by the small sample size and its retrospective nature. There is no control group which introduces bias and there is no power analysis. However, this total joint prosthesis is promising due to its self-stabilizing design alleviating the need for an intact sigmoid notch or intact ligamentous support. 4 of the 10 patients had 1 prior unsuccessful ulnar resection or replacement before implantation of the Scheker prosthesis which further highlights its utility in situations where traditional arthroplasties or other implants have failed. The other 6 study subjects either had distal ulna arthritis with instability or DRUJ arthritis with a dysfunctional sigmoid notch. These are strong indications for Scheker implantation. The length of implant survivorship is still unknown but Dr. Scheker's cohort had a 100% 5 year implant survival rate while only 1 of the 20 patients who have received the Scheker prosthesis at our institution has had it removed (for infection). 24 The revision options for a failed Scheker prosthesis are unknown and will require further study. It is clear that this prosthesis has produced satisfactory postoperative range of motion, pain score and grip strength outcomes. Our study along with previous studies demonstrates that this prosthesis is a suitable solution for patients with dysfunctional distal radioulnar joints as well as those that have not responded to other arthroplasties.
Based on the experience gained from this cohort of patients, it is our preference to use this prosthesis when there are no other reasonable alternatives to treat severe DRUJ arthritis.
